In the heavy drum based on cyclic C-WTVC, the FTP75 cycle and NEDC cycle of heavy gasoline vehicle for emission test, analysis and comparison of gasoline vehicle under different driving cycles, the pollutant emission characteristics, and to explore the adaptability of gasoline vehicle for different driving cycles, also in accordance with the C-WTVC cycle of heavy gasoline vehicles of different starting conditions of the emission test, comparative analysis of gasoline car cold and hot starting condition of pollutant emission characteristics and on the effect of load on emissions were preliminary research. The research shows that the emission of FTP75 cycle is the highest, the C-WTVC cycle HC and CO emissions are the lowest, and the NEDC cycle NOx is the lowest. C-WTVC cycles of HC and CO were 51.2% and 23.9% of the corresponding emission of FTP75, respectively, and the NEDC cycle of NOx was 9.3% of FTP75. The CO, HC and NOx of the heavy duty truck's hot start condition is less than that of the cold start, CO decreases by 20.8%, HC decreases by 50%, and NOx is reduced by 66.7%. The maximum total mass of the test vehicle CO emissions compared to the quality of the growth of 23.7%, HC growth of 30%, NOx growth of 50%.
Introduction
Currently, the certification of vehicle emissions is based on the engine is tested on engine bench [1] . It can easily lead to a problem that the actual operating conditions of whole vehicles are different from the emission certification conditions. Heavy-duty gasoline vehicles also have this problem. So, research on heavy-duty gasoline vehicles emissions is significant, which not only be more intuitive evaluation of heavy-duty gasoline vehicles emissions performance but also accumulating data for the development of future emission standards. This paper is based on a heavy-duty gasoline vehicle which is operated C-WTVC cycle, NEDC cycle and FTP75 cycle on chassis dynamometer, to evaluate gasoline vehicles circulating adaptability. Cold start C-WTVC cycle, Hot start C-WTVC and different load C-WTVC cycle are conducted to evaluate this vehicle emissions performance.
Experiment Methods

Test Equipment and Instruments
The experiments were operated on the chassis dynamometer test chamber; the test chamber equipment includes three parts: dynamometer system, transfer hub test system and CVS emission test systems. Figure 1 is a schematic view of the structure of the test systems.
The heavy duty emission lab is equipped with heavy-duty 4WD chassis dynamometer made by MAHA Company, which is the first in China, the CVS meter made by AVL, aiming to test the emission, performance and durability of 8WD, 6WD or 4WD traditional and hybrid heavy-duty vehicles from 3.5 ton to 50 ton. Table 1 shows the main parameters of Chassis Dynamometer: 
Configuration of Test Vehicles
The configuration of the test vehicle is gasoline engine, which meet the GB14762-2008 national IV emission standards. The basic parameters of the vehicle and the engine are shown in Table 2 . In the chassis dynamometer, the vehicle performed cold start and hot start C-WTVC test cycles, to research the effects of different loads on vehicle emissions according to C-WTVC cycles [2] .
Emissions Characteristics of the Different Cycles
C-WTVC, FTP75 and NEDC test cycles are operated in the chassis dynamometer. Firstly, conditions characteristic of these three cycles are analyzed. Secondly, further exploring the reasons why these cycles have great impacts on vehicle emissions.
C-WTVC, FTP75 and NEDC Cycles
C-WTVC cycle is designed based on the Global heavy commercial vehicle transient cycle by adjusting WTVC acceleration and deceleration form, and combined with characteristics of the domestic vehicle, improve the formation of Chinese heavy commercial vehicles circulating [3] . C-WTVC cycle is suitable for heavy vehicles which mass greater than 3500kg. 1-900s of this cycle is urban conditions; 900-1368s for the road conditions; 1368-1800s is high-speed conditions. Curve of cycle characteristic is shown in Figure 2 . It can be analyzed from the figure, maximum speed of C-WTVC cycle is 87.8km / h, the average speed is 41.12km / h, and percentage of 0 ~ 70km / h conditions is 82.6% of the total cycle. FTP75 cycle is known as the most reasonable circulation, mainly used in the US and Canada for heavy vehicles which mass greater than 8500lbs (3856kg). United States FTP 75 driving cycle is close to the actual working conditions. FTP75 cycle is consisted by an urban driving cycle and additional two driving cycle. Two additional conditions were SC03 which circulating hot air conditioner running at full capacity and US06 cycle which high speed and high acceleration cycle. The final test results are calculated from different ratios of these three test results, so the data is closer to the actual use.
FTP75 cycle divided into three parts. The first part is cold start phase, which takes 505 seconds; the second part is Transient phase, which takes 864s; then turn off the key, stop 9 to 11 minutes; finally, the third part is hot start test phase, which takes 505 seconds. The time of whole process cost 2474 seconds. During the entire cycle, vehicle continued to accelerate and decelerate. Which simulate the reality of urban traffic congestion. Curve of FTP75 cycle characteristic is shown in Figure 3 .
Analysis showed that, FTP cycle maximum speed is 91.2km/h, the average speed of FTP75 is 34.191.2km/h, and percentage of 0 ~ 70km/h of the total cycle is 88.7%;
NEDC cycle [4] is consisted of urban and suburban operation cycle. Length of Urban cycle is 780s, and the suburb cycle is 400s. As shown in Figure 4 . Urban cycle consists four same parts. The average speed of the circulation unit is 19 km/h, the maximum speed reaches 50km/h, and the time of circulation unit is 195s. Distance of each circulation is 1.013 km. Average speed of suburban cycle is 62.6km/h, with the effective time of driving is 400s, theory distance of each cycle traveled 6.955km, the maximum speed is 120km/h, percentage of speed at 0 ~ 70km/h is 90.7% over the cycle. In order to more clearly to analyze these three cycles, the three loop acceleration comparison shown in Figure 5 .
The figure shows C-WTVC acceleration mainly ranges -0.5m/s 2 to 0.5m/s 2 , the proportion is 83.7%. FTP acceleration proportion reached 71.0% between -0.5m/s 2 and 0.5m/s 2 . NEDC acceleration proportion reached 73.0% between -0.5m/s 2 and 0.5m/s 2 , the maximum acceleration is 0.833m/s 2 , the maximum deceleration is -1.389m/s 2 . Among the three cycles, FTP75 has the most severe volatility of acceleration and the widest range, the most dramatic change of acceleration. Then followed by NEDC cycle and C-WTVC has small changes in acceleration range.
Test Results and Analysis
Vehicle is tested on chassis dynamometer based NEDC cycle, FTP cycle and C-WTVC cycle, to analyze emission characteristics of three different cycles. The test results are shown in Table 3 . It can be seen from Table 3 ; the test cycles have great influence on vehicle pollutant emissions and fuel consumption. HC, CO, NOx and fuel consumption of FTP are largest among three cycles. In addition, HC, CO and fuel consumption of C-WTVC is the minimal expect NOx emissions. FTP's fluctuation range of acceleration cycle is the most extensive, which indicate dramatic changes in speed, on the contrary, acceleration of C-WTVC circulation concentrated in a relatively small range, changes of speed is relatively gentle, which resulting in such emissions results.
For further study on heavy-duty gasoline vehicles adaptability, the transient data of various pollutants during the test cycles are collected. Figure 6 Figure 6 shows that CO emission of FTP75 cycle is maximum; NEDC cycle achieves high CO emissions at high-speed zone. This is mainly caused by feature of the cycle and vehicle load. FTP75 cycle has dramatic changes in speed, which leads to incomplete combustion of fuel. This increased CO emissions. Gasoline's fuel ratio deviates from optimum value at high-speed stage, so the CO emissions appear peak value; when the vehicle load is increasing while the engine power output is increased by increasing the mixture concentration. However, too rich mixture does not in favor of complete combustion, which leading to the large increase in CO generation.
Because NOx value of the NEDC cycle is small, the NOx value plus 5 for curve analysis. NOx production is affected by combustion temperature, oxygen content and combustion reaction time.
From Figure 8 , NOx emissions in the FTP75 cycle is higher, the instantaneous value of NOx reached a peak while the circulation has maximum acceleration. When the acceleration is large, so that the engine speed is increased, which increase the excess air ratio and advanced ignition time. Higher excess air coefficient will affect both combustion temperature and oxygen content. Ignition advance cause the maximum combustion temperature rise. So these reasons make contribution to the high the NOx emissions. At another side, the larger vehicle speed the higher engine temperature, which is conducive to the formation of NOx. This also makes increased emissions. Figure 8 shows that FTP75 cycle has maximum HC emissions, This is because the fuel is not completely burned in the acceleration phase. In addition, during an instant of acceleration or deceleration, the engine could easily lead to offset, which cause a large area of occurrence of flame quenching. So the FTP75 cycle makes great contribution to higher HC emissions. In the above three cycles, the speed fluctuation of C-WTVC is minimum, which lead to less emissions. Further study emission characteristics of gasoline vehicles using the following C-WTVC cycle.
Emission Characteristics of C-WTVC Cycle
The vehicle is tested at curb weight and maximum total weight for cold start and hot start. C-WTVC cycle emission results are weighted emissions, including 14% cold-start and 86% hot-start emissions results.
Emission Characteristics of Cold-Start and Hot-Start Conditions
The vehicle is tested at curb weight for cold start and hot start. The results are shown in table 4. It can be seen from Table 4 , the vehicle cold-start's emissions of various pollutants is higher than hot start, this is because the engine temperature is low when cold start, which lead to low efficiency of the catalyst, while too rich mixture of fuel and air are formed in the engine at low temperatures, resulting in the deterioration of combustion and increase emissions.
To research on heavy-duty gasoline vehicles emission under C-WTVC cycle, the transient data of various pollutants are collected.
HC emissions of cold start are high due to variety of reasons. During cold start, there are certain regions in cylinders occurs flame quenching phenomenon because the temperature of engine chamber wall is too low. Which resulting in incomplete combustion of fuel, and the HC emissions increased. In addition, at the beginning start to accelerate, the engine cylinder mixture is too rich, causing the spark plug may not work properly, resulting in part of the fuel mixture or even all the fuel in the form of unburned HC discharged, so that HC emissions increased significantly. CO emissions is high when cold start mainly because of the cylinder temperature is low when cold start, and the formation of a mixed gas is poor quality, which lead to incomplete combustion. At the same time, at the beginning of the cycle acceleration conditions, with rich mixture of gas, and air ratio is reduced, so that the production of CO increased dramatically.
NOx production factors include combustion temperature, oxygen content and combustion reaction time. For cold and hot start, since the beginning of the cold start of combustion temperature is low, the amount of NOx produced is particularly high, From the perspective of the whole cycle, higher NOx emissions at cold start conditions because higher oxygen content, which resulting in greater NOx formation.
For cold start C-WTVC cycle, cold start urban conditions of 0-200s, HC emissions is higher. CO emissions at cold start before the 200s and 1396s ~ 1745s acceleration and high-speed range, CO emissions is higher.
For hot start C-WTVC cycle, HC and CO emissions are both higher at urban conditions of 0-200s, which is lower than the cold start C-WTVC cycle. HC and CO emissions of the hot start are less cold start conditions at 30% percentage. In other segments such as urban and highway cycle operation, as well as higher CO emissions; from1396s ~ 1745s acceleration section, higher CO emissions, hot start CO emissions are basically same as cold start C-WTVC cycle.
Different Load on Vehicle Emissions
This experiment analysis the Maintenance load and full load on vehicle emissions, Figure 11 shows the test results. Compared to maintenance load, vehicle emissions of full load have higher pollutant emissions. This indicates that the load is an important factor in the impact of emissions, and when increase vehicle load, the engine output power increases, which causes the engine to add rich mixture of fuel that incomplete combustion, so emissions of HC and CO increase. In addition, when the engine power is increased, the maximum combustion temperature in the combustion chamber, which leads to NOx emissions raised. In order to understand how the load affects the heavy duty gasoline vehicle emissions. Transient value of pollutants is collected during the whole cycle to analyze the exhaust characteristics. For HC, the engine output power at full load is larger, in-cylinder gas mixture enriched, which lead to incomplete combustion of fuel, in addition, part of the fuel in the form of HC emissions, so HC emissions increased under the full load than the Maintenance load.
CO emissions have similarities with HC, the engine output power at full load is larger, in-cylinder gas mixture enriched, which lead to incomplete combustion of fuel, in addition, part of the fuel in the form of CO emissions, so CO emissions increased under the full load than the Maintenance load. Not only gasoline engine maximum combustion temperature rises when full load but also the high temperature phase lasts a longer time, which lead to NOx emissions increase.
Summary
(1) Heavy duty vehicles have different performance under different cycles, and different cycles make unequal contribution to whole vehicles' emissions.
(2) When the maximum speed of vehicle is higher, the greater the change and more frequent changes in amplitude of speed, the emission of HC, CO and NOx are higher. Throughout the cycle conditions, the greater change in a short time of vehicle speed, the more segments of acceleration, the higher fuel consumption.
(3) HC and CO emissions are poor when cold and hot start cycles within the first 200s working conditions. Gaseous pollutants (CO, THC and NOx) emissions are worse under cold start cycle conditions compared to hot start cycle conditions. This shows a good warm-up process can make great contribution to reducing emissions.
(4) Whether the hot and cold start cycles, CO emissions were higher; this mainly produced at high speed conditions. Optimizing the mixing and combustion of fuel and gas and increasing the oxygen content in the gas mixture is a solution of reducing CO emissions.
(5) Load is also an important factor that affects vehicle emissions. The load should be within an appropriate range of vehicle maximum design load, which can effectively reduce emissions.
